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Abstract
Emission reduction targets are driving a new way of thinking and a range of technological solutions within the shipping and port 
sectors. So far, four major solutions have been identified for cleaner ship fuels: (i) Marine Gas Oil, (ii) Heavy Fuel Oil + 
Scrubber, (iii) Liquefied Natural Gas – herein referred to as LNG, and (iv) Methanol. From those alternatives, most experts 
recognise LNG as the most developed fuel solution, both in the short- and in the medium-term. In 2014, the United States Energy 
Information Administration (EIA) as well as the International Gas Union (IGU) reported a significant growth of terminals for 
LNG liquefaction and regasification. Moreover, the European Commission, as part of its Clean Power for Transport package, has 
adopted in 2014 a Directive ‘on the deployment of alternative fuels, recharging and refuelling infrastructure’. Nevertheless, there 
are several constraints that need to be addressed yet, more particularly in LNG importing countries in order to meet the future 
demand of the expected LNG-powered fleet. They include facilities for storage and transhipment of LNG for fuelling berths, 
barges and ships. This paper provides an overview of the use of LNG for the maritime industry and examines its potential for 
future growth on the basis of the LNG-powered fleet (current and in order) and planned expansion of LNG bunkering facilities, 
mainly in European ports. Most data here presented come from a variety of sources including international databases such as IHS 
Maritime, ports websites, and reports from LNG-related organisations. In addition, the results from past and current EU-funded 
projects in this field were reviewed and consultations were conducted among representatives from participating ports. Overall, it 
was found that the LNG powered fleet is expanding slowly and the trend is towards building LNG-propelled vessels for smaller 
ship sizes and short distances. Although Norway is the newbuilding front runner, other countries, mainly in Europe (e.g. the 
Netherlands, Denmark, Italy, and Malta), have ordered an important amount of new buildings. Similarly, European ports are 
expanding considerably their LNG bunkering capacities. Remarkable are the activities conducted by the ports of Spain and Italy 
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with planned expansion for LNG handling and storage facilities beyond 2020. Finally, with regards to regulations, while 
international standards have been adopted for the construction and operation of LNG powered ships and crew’s training, no 
harmonisation exists yet for LNG facilities in ports. The latter have allowed major ports to undertake independent initiatives to 
overcome the situation.
© 2016The Authors. Published by Elsevier B.V..
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM).
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1. Introduction
LNG is the fuel of the century and even of the future. According to DNV, the use of LNG fuelled vessels can 
reduce CO2 emissions by 15-20% (DNV, 2012). Being the cleanest among all fossil fuels, LNG is one of the 
favourite energy sources in many countries. This is true for Norway which has played the highest influential role in 
Europe but mainly in the Baltic region. Norway´s experience in using LNG as a fuel backs to the year 2000. The 
first LNG classed vessel was indeed Norwegian, and by the end of 2013, the Norwegian fleet of LNG fuelled 
vessels comprised already 17 ferries, 7 platform supply vessels and 4 cargo vessels (Rodrigues A.P., 2013).
A recent study from the Danish Maritime Authority estimated an increase of nearly 140% in the use of LNG in 
the SECA area by 2020 (IAPH, 2013). Similarly, based in three scenarios, Adamchak F. & Adede A. (2013) foresaw 
a maximum demand worldwide of 33 million tonnes by 2020 and 65 million tonnes by 2030. These authors also 
forecasted that while the Asian Pacific region will heavily depend on imports, Europe and the US will mainly rely 
on domestic production.
Of course, regulations have been the main driver for these developments but ports are becoming more proactive 
too. Several authors have suggested that if no effective infrastructure planning is implemented carefully, LNG 
scheduling issues may arise, so congestion might intensify in ports, mostly in European ports, not only due to cargo 
(container) handling but also due to ships’ LNG bunkering needs (DNV GL Blogs, 2014). 
A survey conducted by Lloyd’s Register in 2014, among 22 ports, showed that ports are taking the initiative 
themselves and have adopted local requirements that in many cases go far beyond international regulations (Lloyds 
Register, 2014). Indeed, a big difference is reported between the figures of the 2011 and 2014 surveys. While in 
2011, only 7% of the respondents declared to have started working in international LNG initiatives, this figure 
dramatically increased in 2014 when more than half of the respondents said that they were actively participating in 
projects including the World Ports Climate Initiative (WPCI) which operates under the umbrella of the International 
Association of Ports and Harbours (IAPH). A dedicated LNG working group currently consists of 14 active and 11 
consultative port members (See Table 1).
       Table 1. Active and consultative port members of the World Ports Climate Initiative (WPCI).
WPCI Active members WPCI Consultative members
Belgium: Antwerpen, Zeebrugge
France: Le Havre
Germany: Bremen, Brunsbüttel, Hamburg, Wilhelmshaven
Spain: Gijón
Sweden: Gothenburg, Stockholm
The Netherlands: Amsterdam, Rotterdam
United Arab Emirates: Fujairah
US: Los Angeles
Australia: Broome, Flindersports
Estonia: Tallinn
Italy: La Spezia
New Zealand: Taranaki
Singapore
Spain: Bilbao, Valencia
US: Long Beach, New York & New Jersey
Source: Email communication from Roxane Keteleer, WPCI, October 2015.
Other recent developments in LNG production in countries like the US and Australia have also prompted 
numerous ventures towards the construction of LNG bunkering facilities in ports. The US and Australia are now gas 
exporting nations, being formerly gas importers. With new methods of gas exploration and production, gas resources 
have become available. These had not been available at all or only at costs which had not made it economically 
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feasible to explore them. Consequently, the higher than ever availability of gas is another important driver. It is 
correct to say that the forecast of available gas reserves is positive and also the source countries have become more
diverse. This is the case of Mozambique (Anadarko), Algeria, Angola and Nigeria which can become important 
suppliers to the demand in Asia (See OECD/IEA, 2014). Lastly, security policies aimed at reducing the dependency 
on Russia are an important driver in increasing the number of LNG import (regasification) terminals in Europe, 
particularly for Poland and other Baltic countries (Clarksons, 2013).
Nomenclature
ECA Emission Control Area
GIE Gas Infrastructure Europe
LNG Liquefied Natural Gas
TEN-T Trans-European Transport Network
WPCI World Ports Climate Initiative
2. Methodology
When planning for a LNG terminal, several aspects need to be examined. In order to build a picture of LNG port-
related developments, the authors reviewed three sorts of information. First, information related to safety standards 
and regulations; second, information about logistics infrastructure; and third information on financing approaches 
implemented by selected ports, some of them located in regions where the highest LNG imports are expected by 
2020, in accordance to the DNV GL Group (DNV GL 2014). Most findings come from a review of several LNG-
related studies and latest data from IHS Maritime. Besides that, a short questionnaire was administered among port 
representatives with the aim of understanding current plans to cope with the expected LNG bunker demand. 
3. The LNG-powered fleet
3.1. Profile: current and in order
The growing number of LNG-powered vessels is illustrated in the graphs below. As can be seen in Figure 1, the 
LNG-powered fleet consists of 196 vessels in service and another 133 vessels on the current order book for the 
period between 2016 and 2021 (IHS Database 2015).
Fig. 1. LNG powered fleet by status, IHS 2015.
The predominant ship types are LNG tankers that account for 56% and 57% of the share for both vessels in 
service and new buildings, respectively. The latter is due to the fact that LNG tankers are equipped with dual-fuel 
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engines which can use both boil-off gas and fuel oil to provide energy on board. Wärtsilä, MAN and Rolls-Royce 
are at the forefront in the development of dual fuel diesel engine technologies for ships which can run on LNG or 
distillates (Lowell D. et al, 2013). See in Figure 6 the distribution among engine manufacturers for newbuildings. It 
is worthwhile to notice that Wärtsilä (61%), MAN (17%) and Bergens (11%) account for three quarters of the total 
share. Once again, in relation to new buildings, it is interesting to notice in Figure 1 that although the greatest share 
belongs to LNG tankers (N=74), the remaining share of nearly 40% comprises a variety of ship types, ranging from 
passenger/ro-ro vessels (N=10), container ships (N=10), chemical /product tankers (N=7), and platform supply ships 
(N=1). Based on the above it is possible to confirm what has been already suggested in the news; in other words, the 
demand for new ship orders with LNG propulsion is increasing very slowly. 
Fig. 2. Miscellaneous LNG powered fleet by status, IHS 2015.
Figure 2 presents the segment of low observations for new buildings. In there, it is possible to note a whole 
variety of ships propelled by LNG. Most of the ships are used for smaller distances, e.g. ferries, passenger ships and 
tug boats. If gas processing vessels and combination gas tankers (LNG/LPG) are left out, and for 10 out of the 20 of 
the displayed ship categories, it can be concluded that the number of ships that are in the order book are higher than 
the number of actual operating ships. This clearly shows a trend that LNG propulsion is starting to establish, 
especially for the smaller and short-distance ship segments. As can be seen, there are 10 container ships currently 
operating in the small container ships segment. Moreover it is striking to notice that the range of ship types is 
expanding, with more and more ship types being also propelled with LNG propulsion.
When looking at the regional distribution as shown in Figure 3, Norway is obviously the frontrunner in relation to 
the operation LNG-fuelled ships. This goes in line with Norway offering the most LNG bunker stations in Europe –
6 while writing this paper (Clarksons, 2013). The huge share of LNG propelled vessels is also already in operation, 
whereas the other ships are in the order book and with 2 of them to be completed by the end of 2015, and the rest 
between 2016 and 2017.
A look at the other flags in detail, when Norway – and NIS (Norwegian International Ship Register) – is excluded 
shows that the largest number of ships is operated under the Bahama flag, and this is also true for the ships in the 
order book. In terms of ships in operation, the northern European flags like The Netherlands, Malta, and ships under 
the flag of the Danish International Ship Registry (DIS) lead the rating. Ships that are currently under construction 
and will enter soon the market are registered mainly under Hong Kong and Bermuda flags, under the Danish flag 
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and DIS, and under the Canadian flag. Also China and Singapore have each one a ship in the order book, which is 
LNG-fuelled. This is particularly interesting as Hong Kong set up this year an environmental emission control area 
which limits the sulphur content of fuels to 0.5%.
Fig. 3. Current and future LNG powered fleet by flag, IHS 2015.
Most of the LNG fuelled ships that are in the order book will operate under European flag.  This does not come 
as a surprise. The infrastructure for bunkering that is in place in Europe is the most developed network so that it 
makes sense for operators to order new ships with LNG propulsion.
Looking at the size classes of the ships, as presented in Figures 4 and 5, that are currently operating and under 
construction or in the order book, a trend can be seen towards larger ships. It looks like as if a certain test phase has
concluded successfully and now larger vessels are being ordered.
Fig. 4. Current and future LNG powered fleet by length, IHS 2015.
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Fig. 5. Current and future LNG powered fleet by deadweight, IHS 2015.\
Fig. 6. Engine manufacturers of LNG powered fleet in the order book, IHS 2015.
3.2. Regulations for geographical regions, ships and crews
At international level, Emission Control Areas (ECAs) are now placed in Europe, US and the Canadian coasts. In 
Asia, Hong Kong recently implemented an ECA zone, albeit the regulations are a bit different in Hong Kong when 
compared to those of the European and American ECA zones. The sulphur limit in Hong Kong is so tight that ship 
operators are forced to either implement technical solutions to filter the exhaust gases or the shippers switch to lower 
sulphur alternative fuels. It is also expected that by 2020 or later, a 0.5% sulphur limit in emissions will apply 
worldwide. At regional level, the European Union has adopted a Directive for the deployment of alternative fuel 
infrastructure, as part of the Clean Power for Transport Package, which requires Member States (MS) to submit to
the European Commission by 2016 their national policy frameworks. Furthermore, MS must support the market of 
LNG both by road and sea. It means that a minimum number of LNG refuelling stations should be deployed along 
the TEN-T core network on road and in seaports by 2025 as well as in inland ports by 2030 (EC, 2014). 
In addition to that, the IMO adopted last June 2015, the International Code of Safety for Ships using gases and 
other Low-flashpoint fuels (IGF Code). The Code is mandatory under the International Convention for the Safety of 
Life at Sea (SOLAS). The Code will enter into force in 2017 and apply to newbuildings as well as retrofitted ships 
except gas tankers.
Amendments were also made to the International Convention on Standards of Training, Certification and 
Watchkeeping for Seafarers (STCW) in its Chapter V.  The latter makes mandatory minimum requirements for the 
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training and qualifications of masters, officers, rating and other personnel in ships in line with the IGF Code. (See 
IMO website, 2014). The requirements would apply to masters, officers and ratings as well as to anyone else on 
board involved in the ship’s “operation”. The education and training requirements consist of a basic and an 
advanced level, and emphasis was placed on the special safety and operational characteristics of LNG ships. The 
IMO HTW (Human element, Training and Watchkeeping) sub-committee approved an interim guidance to provide 
a training framework in the meantime and until the entry into force of the amendments.
Following the STCW amendments, the question which remains is if current maritime education and training 
centres have got the resources needed to prepare personnel on the safety aspects of LNG bunker and engine 
propulsion fuel. 
As the number of vessels in operation using it for propulsion purposes is still reduced it can be expected that 
before the entry into force of the amendments, through the interim guidance, shipowners will require Maritime 
Education and Training (MET) institutions, possibly in collaboration with manufacturers, to include more specific 
training both in terms of LNG bunkering as well as using it as means of propulsion. When the amendments enter 
into force, it will then be a responsibility of the different maritime administrations to recognise such training and to 
issue certificates of proficiency to the seafarers. Other administrations may decide to recognise such certificates of 
proficiency in line with what happens with other certificates issued to personnel operating on board tankers.
It should be noticed that while the international shipping community only adopted legislation for crews on board 
LNG powered vessels recently; in Norway, regulations dated from 2002 and require that personnel receive 
permanently the required knowledge to perform their gas-related duties. This includes the requirements for (i) crews 
to undertake basic gas-related training and conduct periodic gas-related drills, and (ii) companies to prepare and 
maintain a training plan and manual (Rodrigues A.P., 2013). The experience gained by Norway could be useful for 
other countries and MET institutions.
4. LNG import terminals
Over the last years, import terminals, also referred as ‘receiving’ or ‘regasification’ terminals have become 
crucial links in the LNG supply chain. Terminals indeed offer greatest advantages compared to pipelines which 
require higher investment costs and have reduced flexibility in terms of geographical location and supply security.
After LNG is discharged from LNG carriers, ports must provide (cryogenic storage) tanks to keep LNG at very 
low temperatures (-163 °C) and then fed it into a regasification plant to a temperature above 0 °C. Then, the gas can 
be loaded into trucks and distributed to its final destinations.
4.1. Trends
LNG imports in Europe have reduced over the last years and the main reason for that has been the increased 
demand of LNG in Asia. The region accounts for 75% of the demand. The main importers are Japan, China and 
India. Figures for 2013 showed that the largest importers by volume in Europe were Spain (27%), UK (20%), 
France (18%), Turkey (13%), Italy (12%), Portugal and Belgium (4% each) and the Netherlands and Greece 
(1% each). Moreover, according to Gas Infrastructure Europe (GIE)1, there are at present 22 terminals in operation, 
6 terminals under construction and 24 planned or proposed terminals. If the LNG infrastructure is built as planned, 
Europe could achieve a regasification capacity of 357 billion m3 by 2022. This figure is significant compared to the 
current figure of 219 billion m3. Similarly, the storage capacity is expected to increase up to 16.6 million m3 by 
2022. It is almost twice the capacity which was available in 2013 (See GIE website, 2015).
Based in the data provided by Clarksons (2013) and other sources, the latest profile of the LNG terminals in 
Europe is presented in Table 2. As can be seen, most countries are conducting expansion in the short term. Spain 
and Italy, for example will increase the LNG handling and storage capacities in 2023 and 2022 respectively. This is 
undoubtedly the result of the European Commission TEN-T programme for setting 139 LNG refuelling facilities for 
seagoing and inland vessels (Lowell D. et al, 2013).
1 GIE represents the interests of European Natural Gas Infrastructure Operators which are active in gas transmission, gas storage and LNG 
regasification. It is composed of 69 companies from 25 countries. See www.gie.eu.
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Table 2. Characteristics of LNG import facilities in European terminals.
Country
Port Company
Start up Capacity
m3/hr
Storage 
capacity
1000 m3
No. 
storage 
tanks
No. 
berths
Max. 
ship size
1000 m3
Min. 
draft
m
3rd party 
regime
Belgium
Zeebrugge Fluxys LNG 1987/
2008
1,700
2,150
380
560
4
5
1
-
217
-
12
-
Regulated
-
France
Fos Tonkin
Montoir-de-
Bretagne
Fos Cavaou
Dunkirk
Elengy
Elengy
FosMax LNG
Dunkerke LNG
1972
1980
2009
2015
710
1,600
1,160
1,900
150
360
330
570
3
3
3
3
1
2
1
1
75
217
217
267
9.75
11.50
15
19
Regulated
Regulated
Regulated
Exempted
Italy
Panigaglia
Porto Levante
FSRU
GNL Italia
Adriatic LNG
OLT Toscana
1971/
2022
2009
2013
427/
915
1,100
592
100
240
250
135
2
2
4
4
1
-
1
1
70
140
152
155
10
14
27
25
Regulated
-
Hybrid
Exempted
UK
Isle of Grain
Isle of Grain
Milford Haven
Milford Haven
Grain LNG
Excelerate Energy
Dragon LNG
South Hook LNG
2005/
2018
2007
2009
2009
2,650
n/a
670
1,140
2,440
1,000
1,200
138
320
775
8
9
1
2
5
1
-
1
1
1
265
-
150
217
265
13
-
11.6
n/a
17.1
Exempted
-
Exempted
Exempted
Exempted
Lithuania
FSRU
FSRU
2014 46 170 4 - 160 14.5 Regulated
Netherlands
GATE LNG GATE LNG 2011 1,650 540 3 2 267 12.5 Exempted
Portugal
Sines REN Atlantico 2003 1,350 390 3 1 165 13 Regulated
Spain
Barcelona
Huelva
Cartagene
Bilbao
Sagunto
Mugardos
ENAGAS
ENAGAS
ENAGAS
BBG
SAGGAS
REGANOSA
1968
1988
1989
2003
2006
2008/
2023
1,950
1,350
1,350
1,000
1,000
412
825
760
619
587
450
600
300
500
6
5
5
3
4
2
3
2
1
2
1
1
-
1
266
173
266
270
265
266
-
15
12.5
15
20
12.3
-
15
Regulated
Regulated
Regulated
Regulated
Regulated
-
Regulated
Greece
Revithousa DEPA 2000/
2016
570
798
130
225
2
3
1
-
135
260
12.7
-
Regulated
Source: Adapted from GIE (May 2015) and Clarksons LNG Trade and Transport (2013)
The construction of Floating Storage and Regasification Units (FSRUs) has also increased in recent years. The 
main reason for that has been the slow speed at which receiving terminals onshore are being constructed. Clarksons 
(2013) reported that by July 2013, four FSRU were in service worldwide. Regasification vessels are another 
alternative to onshore terminals. They are essentially a mobile import terminal. Excelerate Energy, a company based 
in Texas, currently operates eight vessels of this type. The benefit of this concept is that LNG can be delivered in 
two forms: (i) liquid state, and (ii) gas by means of a ‘sub-sea buoy’ in deep ports or a ‘high pressure gas arm at 
dockside’ (Clarksons, 2013). In some ports, rail tanks are offered to transport LNG in small quantities. In Europe, 
such service is not yet available. Transhipment services are available in Europe only in France, Spain, UK, Belgium 
and the Netherlands (GIE website, 2015b).
4.2. Safety standards
Presently, most regulations apply to LNG transported as a cargo rather than as fuel.  Although LNG in its liquid 
form cannot burn or explode, if spilled it can form a pool on the water. Since LNG boils at ambient temperature,
a vapour cloud would then be formed in the air and easily dispersed with the winds. While the risk of fire or 
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explosion increases in confined spaces like a ship or building, there is not sufficient evidence of LNG fire or 
explosion in open spaces (ABS, 2015). 
Terminals must ensure safety for the protection of local communities where the receiving terminals are based. In 
other words, they must clearly understand the hazards of LNG bunkering. According to ABS (2015), four risk 
scenarios can be considered:
1) Leaks from LNG pumps, pipes, hoses and tanks.
2) Accidental disconnection of hoses.
3) Overfilling and or overpressure in tanks; this can happen if the operator keeps filling the tank when it is 
already full. 
4) External impact which can be originated if the cargo accidentally falls over the bunkering equipment, 
collision between vessels or collision between the truck and bunkering equipment.
The US has adopted the LNG Model Evaluation Protocol (MEP) which requires at least four layers of protection:
(i) Primary containment, (ii) Secondary containment, (iii) Safeguard systems, and (iv) Safety or separation distances.
Safety distances should be considered along the planning phase because will necessarily imply more land and 
consequently costs (LNG in Baltic Sea Ports Website, 2014). The European Union together with other LNG related 
associations are working towards the harmonisation of a methodology for risk assessment which will be based on 
the ISO standards. Remarkable is the agreement signed by the ports of Anwterp, Zeebrugge and Singapore to 
harmonise LNG bunkering standards (Email communication, October 2015).
4.3. Logistics aspects
Ships that transit in regular routes on fixed schedules are subject to competition. Starting to look at the European 
LNG bunkering landscape it is striking that all LNG bunker possibilities are located in northern Europe, but very 
few are located in the Mediterranean. Consequently, it is crucial for shipowners that LNG bunkering facilities are 
available at several ports. Less reliance on pipeline methods has also boosted the development of LNG receiving 
terminals which are less costly than pipelines. Currently, there are four main options to bunkering LNG onto 
vessels: (i) Truck to vessel, (ii) Terminal tank to vessel, (iii) Vessel to vessel, and (iv) Portable tank (container) 
transfer. The third option mainly done through barges is seen as a very attractive solution in many ports for several 
reasons. First there is no such expensive infrastructure required and second, bunker barges offer high flexibility. 
They can be moved to where the demand is required and reach high utilisation rates. Also, in ports where ships are 
often hard to manoeuvre, LNG barges can improve efficiency by supplying the ship with LNG without the need to 
move the ship itself. LNG transhipment is currently offered in the ports of France, Spain, UK, Belgium and the 
Netherlands.
Concerning the fourth option, it is indeed a very innovative concept. It was introduced by Wärtsilä in 2010. A 
portable LNG tank container marketed as ‘LNGPac’ enables the storage of LNG on board. The technology has not 
been sufficiently tested yet but the company has recently signed an agreement for both retrofitting existing ships and 
the installation in new buildings which operate in European rivers (See Wärtsilä website). By the end of 2012, 
Wärtsilä  had performed 14 LNGPac installations (Wärtsilä, 2013) .
5. Financial aspects
Historically, the vast majority of LNG was traded under long-term fixed destination oil-indexed contracts. 
However, in the last couple of years, more and more contracts were closed on a short-term or spot basis with flexible 
destinations. Trades under medium-term contracts have also grown strongly. What went along with the development 
of a more diverse structure of gas export and import markets is a change in the contractual structure of gas trades.
The reason for these developments are the increasing complexity of the gas markets driven by the increasing number 
of exporters, re-exporters and importers, as well as an increasing number of production facilities around the world, 
including regasification capacities. Three types of financing schemes for the construction of LNG infrastructure can 
be identified (Danish Maritime Authority, 2012):
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1) LNG terminals which are built by the purchaser of LNG under a long-term contract. Examples are found in 
emerging market in China as well as Europe (Rovigo in Italy).
2) LNG terminals which are mainly located in the production or exporting regions such as USA. They are mostly 
built by energy major such as ExxonMobil, Shell, Total, BP, BG, GDF Suez, Repsol or Gas Natural.
LNG terminals built by a consortium composed of only private companies or public private partnerships. This is 
the case of GATE in Rotterdam, Zeebrugge in Belgium, Swinoujscie in Poland, Gothebourg and Nynäshamn in 
Sweden. The port authority usually provides the land and the construction of some infrastructure while the private 
firms are responsible for the services under a long term binding agreement.
6. Conclusions
Contrarily to what was perceived some years ago, LNG is a serious alternative to other fuels. Stricter regulations 
have been the main driver. The LNG powered fleet is gradually increasing and the demand for LNG bunker in ports 
will notably increase, particularly after 2020 when current vessels either under construction or in order will be 
operating. The number of LNG import terminals is increasing in Europe, front runner countries are Norway, Spain, 
France, Belgium, Italy, UK, Netherlands and Portugal. The harmonisation of standards for the safe operations in 
LNG terminals is still at early stage but major ports are taking initiatives on their own.
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